Introduction {#s0001}
============

Postpartum hemorrhage (PPH) remains a leading direct cause of maternal death worldwide, representing 27.1% of maternal deaths[@cit0001] and significant maternal morbidity.[@cit0002]--[@cit0005] The most common cause of PPH (in an estimated 70% of cases) is failure of adequate uterine contraction, or uterine atony. Cesarean delivery has also been shown to increase the risk of PPH.[@cit0006] Importantly, 54--93% of maternal deaths due to obstetric hemorrhage may be preventable.[@cit0007],[@cit0008]

Oxytocin is used in obstetrics to promote uterine contraction and is the agent of choice in the prevention of postpartum uterine atony during caesarean delivery. The use of oxytocin has reduced maternal morbidity worldwide. While maternal mortality rates due to postpartum hemorrhage have decreased in the last four decades, PPH still accounts for more than 10% of pregnancy-related deaths.[@cit0009] In addition, use of oxytocin is not without its own problems as it can cause significant maternal side effects, eg, nausea, vomiting, headache, flushing, water retention, hyponatremia, seizure, and coma.[@cit0010]

In 2012, the WHO published its "Recommendations for Prevention and Treatment of Postpartum Hemorrhage," in which it stated that all women giving birth should be offered a uterotonic during the third stage of labor for prevention of PPH, with Oxytocin (IM/IV 10 IU) being the uterotonic of choice.[@cit0009] The Royal College of Obstetricians and Gynecologists published guidelines on the "Prevention and Management Postpartum Hemorrhage," in which they recommended that oxytocin (5 IU by slow intravenous injection) be used to encourage contraction of the uterus and to decrease blood loss in women delivering by caesarean section.[@cit0011] The French College of Gynaecologists and Obstetricians with the French Society of Anesthesiology and Intensive Care recommended an initial administration of 5--10 IU of IV or IM oxytocin injected slowly after caesarean delivery.[@cit0012]

There is currently no standard protocol for the prevention of postpartum hemorrhage nor for the dosage of oxytocin to be used. We hypothesized that using a lower dose of oxytocin may be as effective as a higher dose in stimulating initial uterine contraction while leading to fewer side effects. We thus aimed to compare a standard 10 IU bolus of oxytocin with a 5 IU bolus in these regards.

Patients and Methods {#s0002}
====================

Setting and Participants {#s0002-s2001}
------------------------

We performed a randomized, double-blind, controlled, non-inferiority trial between November 1, 2018 and August 31, 2019 at Khon Kaen University's Srinagarind hospital, a tertiary hospital in Thailand, to compare the effects of different doses of oxytocin among women undergoing planned Cesarean delivery. This study was conducted and reported according to the CONSORT Statement.[@cit0013] The trial registration number of the protocol for this study is TCTR20190415001. Pregnant women were not involved in the development of the study.

The eligibility criteria were singleton pregnancy, age 18--40 years, 37--41 completed weeks of gestational age, American Society of Anesthesiology (ASA) physical status class II, and scheduled cesarean delivery under spinal anesthesia. Women were excluded in whom spinal anesthesia had failed or was inadequate, who had undergone uterine surgery other than cesarean section, who had a high risk of uterine atony (macrosomia, chorioamnionitis, polyhydramnios, uterine mass) or postpartum hemorrhage (placenta previa or other placenta disorders, history of postpartum hemorrhage, coagulopathy, thrombocytopenia, or pre-eclampsia), or who had known allergies to oxytocin. Written informed consent was obtained from all eligible participants during their admission to the labor ward.

Randomization and Interventions {#s0002-s2002}
-------------------------------

The randomization sequence was computer-generated by a biostatistician, and allocations were sealed in opaque envelopes to ensure concealment. Women were randomly assigned to receive a single intravenous bolus injection of oxytocin at a dose of either 5 IU or 10 IU.

Data regarding baseline characteristics and anesthesia were recorded. Pre-operative blood pressure and heart rate were measured. All women received a preload of Ringer's lactate solution. Spinal anesthesia was induced using hyperbaric bupivacaine (0.5% heavy Marcaine 10--15 mg with Morphine 0.1--0.2 mg). Women were moved to a supine position with left uterine displacement. Surgery commenced when sensory block to pinprick was confirmed as anesthetic level T4-T6. Immediately after the birth of the baby (T0), patients received either a 5 IU or 10 IU bolus of oxytocin over 15 s, according to group assignment. Uterine tone, blood pressure, heart rate and adverse events were recorded at 1, 2, 3, 6, 9, and 15 mins. At 3 mins after delivery, all patients received 1000 mL of Ringer's lactate solution with 20 IU of oxytocin by intravenous drip (125 mL/hr; 2.5 IU/hr).

We focused on uterine contraction and tone during the first 3 mins of administration and added oxytocin infusion after 3 mins because the plasma half-life of oxytocin is 3 to 5 mins and myometrium response is almost immediate.[@cit0014] Uterine contraction was assessed by a blinded obstetric surgeon as either adequate or inadequate, and uterine tone was assessed using a linear analogue scale (0--10). If the uterine contraction was deemed "inadequate" or additional uterotonic agents were required, they were administered following the rescue protocol established by the anesthesiologists involved in the study. The first-step rescue agents in the low-dose group were 5 IU of intravenous oxytocin administered over 15 s and the followed steps agents in both groups were methylergonovine maleate (0.2 mg, intravenous), misoprostol (800 µg, rectal suppository) and sulprostone (500 µg, intravenous drip over 30 mins). Any other adverse events were managed at the discretion of the attending anesthesiologists.

Outcome Measures {#s0002-s2003}
----------------

The primary outcome was adequate uterine contraction within the first 3 mins after administration. The secondary outcomes included uterine tone, use of additional uterotonic agents, additional obstetrics procedures (uterine artery ligation, B-lynch procedure and hysterectomy), estimated blood loss (by calculating the blood volume of the suction machine and weighing swabs), preoperative and 2-day postoperative hematocrit, blood transfusion, and oxytocin-related adverse events (vomiting, flushing, tachycardia, heart rate ≥120 beats/minutes, hypotension, mean arterial pressure decrease ≥20% from baseline, chest pain, and EKG change). Neonatal outcomes included birth asphyxia, defined as an Apgar score \<7 at 5 mins after birth together with admission to a neonatal intensive care unit (NICU) and neonatal resuscitation.

Statistical Analysis {#s0002-s2004}
--------------------

A non-inferiority design was chosen since the aim of the trial is to determine if 5 IU oxytocin is non-inferior in efficacy to the standard intervention (oxytocin 10 IU). In order to demonstrate non-inferiority within a margin of 0.1%, with a power of 80%, and with a significance level of 5%, a total of 160 women were required assuming an equal adequate uterine contraction of 93.5% with treatment.[@cit0015]

Data were analyzed on an intention-to-treat basis. Descriptive statistics were used to report the baseline characteristics of the participants. The risk ratios (RRs) and the respective 95% confidence intervals (CIs) were calculated to indicate the between-group differences. All analyses were carried out using STATA 10 (Stata Corporation, College Station, TX, USA). The deidentified data that support the findings of this study are available from the corresponding author, \[KK\], upon reasonable request.

Results {#s0003}
=======

Of 389 women who were eligible for enrolment, 160 were included and randomly assigned to either the low-dose or high-dose oxytocin group. Outcomes were excluded of 5 participants, 2 in the low-dose group (1 leiomyoma and 1 fetal macrosomia) and 3 in the high-dose group (2 leiomyoma and 1 macrosomia), leaving 78 and 77 participants for analysis in low-dose and high-dose group, respectively. See [Figure 1](#f0001){ref-type="fig"} for the flow diagram of the study.Figure 1Consort flowchart of the study.

Demographic of obstetric and anesthetic characteristics at baseline were similar in the two groups ([Table 1](#t0001){ref-type="table"}). The primary outcome of adequate uterine contraction during the first 3 mins of oxytocin administration occurred in a total of 126 participants (81.3%), 66 (84.6%) in the low-dose oxytocin group and 60 (77.9%) in the high-dose oxytocin group (relative risk, 1.09; 95% confidence interval \[CI\], 0.93 to 1.26).Table 1Baseline CharacteristicsCharacteristicsLow-Dose Oxytocin (N=78)High-Dose Oxytocin (N=77)**Mean age -- years**30.13 (4.77)31.14 (4.48) ≥ 3518 (23.1)17 (22.1)**Mean BMI - kg/m^2^**28.49 (3.84)28.59 (3.71)**Nulliparous, n (%)**35 (44.9)30 (39.0)**Mean gestational age -- week**38.28 (0.91)38.19 (0.84) 37--38^+6^54 (69.2)57 (74.0) 39--4124 (30.8)20 (20.0)**In labor stage, n (%)**26 (33.3)29 (37.7)**Indication of cesarean section, n (%)** Previous Cesarean section34 (43.6)44 (57.1) Cephalopelvic disproportion25 (32.1)20 (26) Fetal condition11 (14.1)7 (9.1) Other8 (10.3)6 (7.8)**Anesthetic level, n (%)** T442 (54.6)51 (66.2) T52 (2.6)4 (5.2) T632 (41.6)22 (28.6)**Preoperative baseline** Mean arterial pressure (mmHg)81.83 (10.88)83.94 (11.75) Mean heart rate (beat/mins)84.64 (16.48)87.64 (16.95) Intravenous fluid preload (mL)932.05 (265.67)936.36 (252.83) Hematocrit (%)34.31 (3.12)35.06 (3.89)**Birth weight -- g**3212.60 (347.75)3188.44 (341.27)[^1][^2]

Secondary outcomes are shown in [Table 2](#t0002){ref-type="table"}. Mean uterine tone at 3 mins, rated as poor, moderate, or strong contraction, did not differ significantly between the two groups (7.60, SD 1.05 in the low-dose group versus 7.64, SD 0.85 in the high-dose group, mean difference 0.01; 95% CI, −0.32, 0.35). Significantly fewer women allocated to the low-dose oxytocin group required methylergonovine maleate (14.1 versus 36.4%, relative risk, 0.40; 95% CI 0.22 to 0.73). None of the participants required additional obstetrical procedures, received blood transfusion, or had estimated blood loss of more than 1000 mL. There were no significant differences of the hematocrit drop more than 3% between the two groups. In terms of neonatal outcomes, there were fewer cases of neonatal resuscitation and NICU admission in the low-dose oxytocin group, and there were no cases of birth asphyxia in either group.Table 2Primary and Secondary OutcomesOutcomesAll (N=155)Low-Dose Oxytocin (N=78)High-Dose Oxytocin (n=77)RR (95% CI)**Primary outcomes** Adequate uterine contraction within 3 minutes, n (%)126 (81.3)66 (84.6)60 (77.9)1.09 (0.93, 1.26)**Secondary outcomes**Uterine tone at 3 minutes, n (%) Poor (0--5)27 (17.4)11 (14.1)16 (20.8)0.69 (0.35, 1.36) Moderate (6--8)117 (75.5)62 (79.5)55 (71.4)1.11 (0.93, 1.33) Strong (9--10)11 (7.1)5 (6.4)6 (7.8)0.84 (0.28, 2.49)Additional uterotonic agents, n (%) Methylergonovine maleate39 (25.2)11 (14.1)28 (36.4)0.40 (0.22, 0.73) Misoprostol16 (10.3)5 (6.4)11 (14.3)0.47 (0.18, 1.24) Sulprostone6 (3.9)1 (1.3)5 (6.5)0.27 (0.05, 1.59) Estimate blood loss ≥ 500 mL10 (6.5)4 (5.2)6 (7.8)0.66 (0.19, 2.24) Drop in hematocrit ≥ 3%20 (13)9 (11.5)11 (14.3)0.82 (0.37, 1.82)**Neonatal secondary outcomes** Apgar score at 5 min \< 7000NA Neonatal resuscitation8 (5.2)3 (3.9)5 (6.5)0.63 (0.17, 2.31) NICU admission3 (2.0)1 (1.3)2 (2.6)0.59 (0.08, 4.38)[^3][^4]

There were no differences at the 5% level of significance between groups in the rates of the oxytocin-related adverse effects ([Table 3](#t0003){ref-type="table"}). Accordingly we need to find out the adverse effects related with initial dose of the oxytocin. Thus, we excluded patients from this analysis in whom adverse events that occurred due to other additional uterotonic agents, leaving 72 women in the low-dose oxytocin group and 70 women in the high-dose oxytocin group. Women allocated to the low-dose oxytocin group were less likely to experience both mild (flushing and tachycardia) and severe (hypotension, chest pain, and ECG change) adverse effects, but not to a statistically significant extent. The incidence of hypotension, in particular, was lower (but not significantly so) in the low-dose group (30.6% versus 42.9%, relative risk; 0.72, 95% CI 0.46 to 1.11). No vomiting occurred in either group.Table 3Oxytocin-Related Adverse Effects OutcomesAdverse EffectsAll (N=142)Low-Dose Oxytocin (N=72)High-Dose Oxytocin (N=70)RR (95% CI)**Mild adverse effects, n (%)** Nausea/Vomiting4 (2.8)3 (4.2)1 (1.4)2.27 (0.34, 14.94) Flushing17 (12.0)7 (9.7)10 (14.3)0.69 (0.29, 1.67) Tachycardia13 (9.2)5 (6.9)8 (11.4)0.63 (0.23, 1.75)**Severe adverse effects, n (%)** Hypotension55 (38.7)22 (30.6)30 (42.9)0.72 (0.46, 1.11) Chest pain4 (2.8)1 (1.4)3 (4.3)0.42 (0.06, 2.74) ECG change2 (1.4)1 (1.4)1 (1.4)0.97 (0.10, 9.13)[^5][^6]

Discussion {#s0004}
==========

In this double-blind, randomized trial, we found that the intravenous administration of 5 IU of oxytocin was non-inferior to that of 10 IU for initiating uterine contraction during cesarean delivery and that fewer patients administered the former dosage required methylergonovine maleate. Secondary outcomes (uterine tone, additional obstetrics procedures, estimated blood loss, and oxytocin-related adverse events) did not differ significantly between the two groups.

The present trial provides a large-scale non-inferiority evaluation of oxytocin at a lower dosage against the standard dosage. There have been three previous studies comparing oxytocin at different doses. Sarna et al compared four different doses of oxytocin to determine its minimal effective dose during elective cesarean section and found that there were no differences in the uterine tone in the four groups.[@cit0016] The Butwick et al studied the lower doses of oxytocin (0.5--3 units) that can produce the adequate uterine tone as the 5 units oxytocin and the prevalence of hypotension was significantly higher after 5 units oxytocin (47%).[@cit0017] Derbel et al studied to compare the 5 IU versus 10 IU bolus during Cesarean section and there were no significant differences between the two groups regarding blood loss and type of side effects that were more common in the 10 IU. This finding consistent with the present results.[@cit0018]

We propose three possible explanations for our finding that 5 IU of oxytocin was adequate for initiating uterine contraction with a lower rate of methylergonovine maleate requirement. The first is the fact that oxytocin stimulates uterine contractility by binding to the myometrial oxytocin receptor. Higher concentrations of estrogen during pregnancy increase the density and kinetic binding of the oxytocin receptor and enhance uterine sensitivity to oxytocin.[@cit0019] The second is that synthetic oxytocin as an intravenous bolus injection gives rise to peaks of oxytocin that are equivalent in size to peaks that occur during physiological birth and stimulate uterine contractions. A previous study of the plasma oxytocin levels in physiological labor and birth found that oxytocin levels doubled in response to doubling of the rate of infusion of synthetic oxytocin and administration of 4 to 8 IU of synthetic oxytocin.[@cit0020] The third possible explanation is the oxytocin receptor desensitization phenomenon. A previous in vitro study of the contractile response of the human term pregnant myometrium to oxytocin with different concentrations of oxytocin for variable duration observed an attenuated dose--response effect to increasing concentrations of oxytocin in terms of both amplitude and frequency of contractions.[@cit0021]

Administration of oxytocin can result in nausea, vomiting, headache, and flushing. In large doses, it can lead to water retention, hyponatremia, seizure, and coma.[@cit0010] The incidence of these side effects was low in our study, and did not differ significantly between groups. Electrocardiographic changes suggestive of myocardial ischemia may also occur as a result of oxytocin effects. A study by Pinder et al of the hemodynamic changes induced by rapid bolus of 5 or 10 units of oxytocin in 34 healthy term patients undergoing cesarean section found a small but statistically significant reduction in mean arterial pressure from baseline at 30 s after administration of the 10-unit bolus.[@cit0022] However, it also led to a large, statistically significant increase in heart rate and cardiac output. However, we cannot directly compare these results with those of our study due to the fact that Pinder et al measured change from the baseline, while we determined the number of women with clinically significant hypotension and/or tachycardia.

Jonsson et al studied electrocardiogram change suggestive of myocardial ischemia in patients administered 5 IU and 10 IU of oxytocin[@cit0023] and found a signiﬁcant difference in ST depression associated with oxytocin administration (7.7% and 21.6%, respectively). By contrast, in our study, there were only of premature ventricular complex, no electrocardiogram changes suggestive of myocardial ischemia. This may be due to the fact that we monitored the electrocardiogram in real time rather than using a recording, while Jonsson et al used a Holter monitor to detect abnormalities.

Conclusion {#s0005}
==========

A 5 IU bolus of oxytocin was noninferior to the standard 10 IU bolus for initiating adequate uterine contraction, required fewer additional uterotonic agents, and led to fewer oxytocin-related adverse events. A lower dosage of oxytocin might be considered in pregnant women undergoing caesarean section. Further studies should be conducted to evaluate the effectiveness of an oxytocin dosage of 3 IU or less or split-dose regimens in order to minimize oxytocin-related adverse events.
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[^1]: **Notes:** Data are presented as mean ± standard deviation or number (percentage).

[^2]: **Abbreviations:** BMI, body mass index; GA, gestational age.

[^3]: **Notes:** Data are presented as number (percentage). Low-dose oxytocin is the reference group.

[^4]: **Abbreviations:** RR, relative risk; CI, confidence interval.

[^5]: **Note:** Data are presented as number (percentage).
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